The proposed paper sets out the results of measuring autogenous shrinkage and total shrinkage of highperformance concrete. Within this task we analysed the influence of water-binder ratio, the types and quantities of different admixtures, the type of cement and the influence of different levels of relative humidity of the environment on the amount and time development of shrinkage of high performance concrete. Finally, the measured shrinkage of high-performance concrete is compared to that of normal strength concrete.
As hydration proceeds, water is taken out of the system to form hydration products. The pore volume, generated during the chemical shrinkage, is filled with air. The shrinkage-induced pore volume further increases as the hydration continues. An increase in the pore volume is associated with the decrease in the gas pressure. For a closed system, the pressure in the empty pore space decreases in order to establish thermodynamic equilibrium. The reduction of this pressure implicitly affects the relative humidity in the pore space. A lower relative humidity also affects the thickness of the adsorption layer in the pore wall area. The thermodynamic equilibrium in the pore system requires an increase in the surface tension of the adsorption layer. This process continues as long as the hydration takes place. The stress in the adsorption layer causes certain deformation that is restrained by the effective stiffness of the microstructure. In the initial period of the hardening process, when the modulus of elasticity is still considerably low, the stresses in the adsorption layer may cause large external deformations, called autogenous shrinkage.
Apart from the carbonation shrinkage, the main cause for all other types of shrinkage is a loss or consumption of water in the concrete. Therefore, the amount and the rate of concrete shrinkage depend largely on the water-binder ratio. A decrease in the water-binder ratio enhances autogenous shrinkage of concrete /4, 5/. In high-performance concrete with low water-binder ratio, the autogenous shrinkage accounts for an important part in the total concrete shrinkage. Autogenous concrete shrinkage is an isotropic process that is generally independent of the specimen's shape and size. The assumption that a concrete will not shrink when moisture loss is prevented does not hold true for high-performance concretes. Depending on the type of mixture, a large part of autogenous shrinkage, which starts as early as several hours after mixing, occurs already during the first few days after casting the concrete. The time development of autogenous shrinkage of high-performance concrete is similar to the progress of the hydration curve of the cement under adiabatic conditions.
The possibility of inner micro-cracks appearing during the intensive hydration process is quite large due to considerable autogenous shrinkage of the concrete, and they consequently diminish its resistance to external aggressive influences. Hence, the durability of the whole structure is reduced. In order to prolong its life cycle, the concrete needs to be appropriately cured.
EXPERIMENTAL PROGRAMME

Materials and mix proportions
The investigated concretes were made using crushed aggregate having a nominal maximum grain size of 16 mm, and of sand. The major part of the aggregate was limestone, whereas the composition of the sand was mainly siliceous. The cement type used was CEM 11/ A-S 42.5 R, CEM I 52.5 R and CEM I 42.5 LH. To achieve higher strengths, part of the cement was replaced by a mineral admixture -the silica fume. To improve workability of lower water-binder ratio mixtures, Antikorodin and Cementol Zeta S superplasticizers were used. The former is a powder-like mixture of silica fume and naphthalene-based superplasticizer, whereas the latter is chemically a polycarboxylate.
The water-binder ratios of the concrete mixtures ranged from 0.23 to 0.52. The quantity of the binder varied between 400 and 600 kg per 1 m 3 of the concrete, where part of the cement was replaced by up to 15 % of silica fume with regard to the mass of the binder. The starting-point common to all concrete mixtures was the same level of consistence. 
Test procedure
The concrete was put into iron moulds after mixing. The compressive strength was then measured using cubes of 150 mm sides. Shrinkage, on the other hand, was measured using 100 mm χ 100 mm χ 400 mm prisms. Specimens used for measuring autogenous shrinkage were sealed by polyethylene sheets right from the beginning of the casting of concrete. A teflon sheet was laid between the specimen and the mould in such a way as to reduce the friction between the specimen and the base to the minimum (Figure 1 ). Electronic measurements of the length change were set to begin as soon as the concrete hardened enough to allow opening the sides of the mould without causing damage, i.e. as soon as the temperature in the concrete started to rise.
The temperature was measured in the middle of the specimens using a thermo-couple. The longitudinal strain was measured using an inductive strain transducer with the resolution of 0.0001 mm. After one or several days of automatic measurement, when the increment of shrinkage was no longer very important, the measuring points were installed on specimens and measurements continued using mechanical strain gauge. The system of sealing the specimens proved very efficient, since the specimens, with the mass of about 10 kg, lost less than 1 g of their mass per month.
The specimens on which the total shrinkage was measured were de-moulded after 24 hours and the measuring points installed on them, whereupon they were exposed to an environment of 70 % relative humidity and a temperature of 20 °C.
RESULTS AND DISCUSSION
Shrinkage at an early age
Depending on the type of concrete mix, the process of shrinkage of the tested concretes started 2.5 to 10 hours after mixing. At this age the concrete is normally not yet exposed to drying, since it is put in the mould and cured or else covered by foils that prevent water evaporation. Therefore, it can be maintained that shrinkage or deformation of concrete at an early age only consists of autogenous shrinkage and temperaturerelated deformations.
Deformations determined by electronic measurements represent the total deformation of concrete.
Temperature deformations were estimated using the measured temperature of the specimen, the experimentally obtained coefficient of thermal expansion of a fresh concrete α τ = 1.48 χ 10" 5 /°C 161 and the assumed coefficient of thermal expansion of a hardened concrete α τ = 1.0 χ 10" 5 /°C. In the time period of elevated temperature of concrete due to cement hydration under conditions of constant environmental temperature, the coefficient of thermal expansion is linearly interpolated between the values for fresh and hardened concrete. Thermal strain was subtracted from the measured strain and the result represents the autogenous concrete strain. The increase in temperature of the concrete during the hydration process has a favorable effect on the total shrinkage of the young concrete (Figure 2 ) that still has a low stiffness rate. shrinkage in either concrete shows that the NC with the higher water-binder ratio practically does not shrink during the first two days, while the HPC4 with the lower water-binder ratio shrinks by 0.18 %o in the first two days already. This underlines the importance of measuring the autogenous shrinkage and proves that at an early age high performance concretes behave differently than normal concretes. Figure 4 shows the early shrinkage of high performance concretes HPC1, HPC2 and HPC3 at an early stage. Concretes HPC2 and HPC3 contain different quantities of binder while they share the same admixtures. A larger quantity of binder accelerates the process of cement hydration in the concrete.
Moreover, the comparison of shrinkage development in these two concretes further shows that a larger quantity of binder also accelerates and increases the shrinkage. Concretes with high quantities of binder contain a smaller portion of the aggregate that restrains the shrinkage of the cement paste. After 24 hours, shrinkage of the HPC2, containing 500 kg binder per cubic meter of concrete, was larger by 22 % than that of the HPC3 with 400 kg of binder. However, the shrinkage of the HPC1 after 24 hours was larger by 94 % than that of the HPC3.
The three concretes, HPC4, HPC5 and HPC6, whose shrinkage is shown in Figure 5 , differ only in the percentage of silica fume (0, 10 and 15 % respectively). Where present, the silica fume further changes the microstructure, contributing to finer pores in such a way that the surface tension and, consequently, also the autogenous shrinkage are increased. It also affects the development of temperature deformation in the Figure 7 shows the time development of autogenous shrinkage of sealed concrete specimens for different mixes (HPC1, HPC2, and HPC3) and the shrinkage of specimens exposed to drying, i.e. the total shrinkage.
It can be observed that the autogenous portion of shrinkage e as in the total shrinkage ε 5 increases by increasing the quantity of binder.
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£"as' £ s (at 520 days) sealed-HPC1 Ί does not exhibit any shrinkage or swelling. The reason is that high-strength concrete has a denser structure with its pores being tighter and more closed, which prevents ambient water from penetrating the concrete.
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Accordingly, during the hydration process of the cement the water is consumed faster in internal pores than it can penetrate into the interior. Consequently, tensile forces build up in the pore walls, provoking autogenous shrinkage of the concrete. After some time, however, water does partly percolate the concrete and the relative humidity in emptied pores increases to some extent, which causes a slight amount of swelling. By contrast, the concrete of normal strength NC has its structure of capillary pores set wider and interconnected in such a way that the transport of ambient water into the interior is almost unobstructed. Thus, the water that is consumed during the hydration process to form hydration products is progressively substituted by new supplies so that self-desiccation and the consecutive autogenous deformation of the concrete do not take place.
CONCLUSIONS
Autogenous shrinkage of HPC is caused by self-desiccation in the pore structure of the concrete. Our experimental tests show that the amount of autogenous shrinkage is subject, apart from the water-binder ratio, to several other factors, too. By increasing the quantity of binder in the concrete, both the amount of autogenous shrinkage and the autogenous portion alone in the total shrinkage of the concrete increase. Silica fume and finer cement change the microstructure of the concrete, thus contributing to finer pores so that the surface tension and, consequently, the autogenous shrinkage are increased. In concretes containing low-heat
